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Abstract 
Due to the significant increase in IT-related power consumption and the resulting higher CO2 
emissions, Green IT has gained considerable attention in industry and society in recent years. Green 
IT as an engineering paradigm encompasses the multi-faceted, global effort to reduce power 
consumption and the promotion of environmental sustainability. Due to several parallels between 
Green IT objectives and the environmental benefits of Grid technology, this article provides first 
empirical evidence from the financial services industry emphasizing that Grid technology is capable of 
reducing the environmental impact of IT hardware. Furthermore, the article analyzes the extent to 
which pressure for environmental sustainability impacts the intention of enterprises to use Grid 
technology as a means to reduce energy consumption of IT hardware, which is one of the key Green IT 
objectives. 
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1 INTRODUCTION 
With the growing acceptance that CO2 emissions are a major cause for global warming and the 
changes of weather patterns, enterprises, governments, and society at large are beginning to consider 
environmental issues in the process of technology adoption leading to increased application of 
environmentally sound practices (Murugesan 2007). This includes the reduction of electric power 
consumption of IT hardware which needs significant amounts of electricity (Murugesan 2008). 
According to a report provided by the U.S. Environmental Protection Agency (2007), data centers 
were estimated to have used 1.5 percent of all electricity in the United States in 2006, and their power 
demand is projected to grow 12 percent per year through 2011. Furthermore, many data centers are 
responsible for up to 30 to 40 percent of the energy consumption of an enterprise (O’Connor 2008). 
Due to these facts, a major objective of the IT industry is to reduce the power consumption and the 
environmental impact of IT. In this context, the environmental impact of IT is defined as the negative 
long-term influence of IT on the environment. Consequently, the goal is to reduce the environmental 
impact of IT (e.g., by reducing CO2 emissions) and thereby to facilitate the emergence of a more 
sustainable environment.  
In order to meet this goal, the IT industry increasingly considers Green IT as a way to handle 
environmental issues of IT and envisions environmentally sustainable IT as the key to future success, 
as evidenced by recent industry research reports provided by analyst firms like Gartner (2008) and 
IDC (2008). In line with this, Ryan (2008) and Porter and van der Linde (1999) state that enterprises 
with the technology and vision to provide products and services that address environmental issues are 
likely to achieve a sustained competitive advantage. Another driver for Green IT initiatives is that IT 
investors and consumers are beginning to look at the carbon footprint of an IT company and its 
products, whereby a carbon footprint is a measure of the total set of greenhouse gas emissions caused 
directly and indirectly by an individual, an organization, a process, or a product (Kurp 2008). As a 
result, IT companies increasingly advertise their environmental credentials and disclose their carbon 
emissions in order to be recognized as being an environmentally responsible enterprise. Moreover, 
besides social pressures, recent research suggests that mimetic and coercive pressures significantly 
drive Green IT adoption (Chen et al. 2009). This means that organizations are motivated to adopt a 
given Green practice because of the favourable results achieved by other adopters (mimetic pressure) 
and because of governmental regulations, laws, and industry standards (coercive pressure). 
Since especially IT-intensive industries are increasingly exposed to pressure for environmental 
sustainability in the technology assimilation process, more and more enterprises are searching for 
ways to reduce IT-related energy consumption without huge investments in new, energy-efficient 
hardware. As depicted in the conceptual paper provided by Vykoukal et al. (2009a) and will be shown 
in this article, Grid technology is capable of reducing the environmental impact of IT hardware while 
at the same time providing enterprises with large computing and storage capacity. Although the extant 
literature on Grid computing suggests that Grid technology is capable of minimizing the number of IT 
hardware by automatically adjusting the provision of hardware resources according to the demand, 
Grid-based IT infrastructures have not yet been considered to be an implementation of Green IT 
concepts. Therefore, the research objective is to provide first empirical evidence for the analogies 
between Green IT objectives and the characteristics of Grid technology by depicting the results of a 
questionnaire-based field study conducted in the financial services industry in North America. The 
field study analyzes the relationship between perceived pressure exercised on financial institutions for 
environmental sustainability and their motivation to use Grid technology to respond to this pressure by 
reducing IT-related energy consumption. Furthermore, the role of top management support is analyzed 
in the context of Grid assimilation as a means to reduce environmental impact of IT hardware. 
Although the term “Green IT” is multi-faceted and encompasses the manufacturing and purchasing of 
energy efficient IT equipment, the efficient operation and utilization of hardware devices, as well as its 
proper disposal (Murugesan 2008), this article mainly focuses on the minimization of energy 
consumption of IT equipment as key Green IT objective. 
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The remainder of this article is organized as follows. First, section 2 emphasizes the need for Green IT 
infrastructures in order to reduce the power consumption in data centers and provides an introduction 
into Grid technology that is expected to be an effective and efficient implementation of Green IT. 
Section 3 depicts the research model and the hypotheses derived from literature whereas section 4 
describes the empirical study conducted to validate the model. The results of the empirical study are 
presented in section 5 and subsequently discussed in section 6. The article concludes with a summary 
of the key findings and an outlook to further research. 
2 NEED FOR GREEN IT INFRASTRUCTURE 
Due to the increasing competition in industry and the current market dynamics, enterprises are forced 
to adopt high performance computing (HPC) technology in order to stay competitive. According to a 
study by Joseph et al. (2004), 97 percent of the U.S. businesses surveyed could not exist, or could not 
compete effectively, without the use of HPC technology. However, due to the high cost of power 
consumption and cooling, enterprises are facing a dual challenge of adopting more HPC technology to 
meet dynamically changing business needs while at the same time delivering such capabilities cost 
effectively as well as power efficient (Scaramella & Healey 2007). As already outlined, Green IT can 
support enterprises to use IT equipment in an environmental friendly way by reducing the power 
consumption of IT hardware. The capability of organizations to Green their IT systems can be 
determined, e.g., by applying the Green IT Readiness model proposed by Molla et al. (2009). 
Although the benefits of Green IT solution are numerous and the rate of Green IT adoption is 
increasing, Biros et al. (2008) and Olson (2008) state that most Green IT efforts take a long time since 
many enterprises cannot afford a short-term replacement of their existing systems with newer, Green 
IT solutions. As will be depicted in the following, Grid technology provides a remedy to this problem 
by giving enterprises the opportunity to build up a powerful Green IT infrastructure by connecting 
existing IT hardware into a Grid without the necessity to invest in new hardware. Enterprise Grid 
computing (Strong 2005) provides users and applications with immediate access to IT resources, such 
as server clusters, servers, desktop computers, storage systems, and databases that can be accessed as a 
unified resource across an industry, enterprise, or workgroup (Foster & Kesselman 1999). Enterprises 
benefit from the potential of Grid technology to reduce energy consumption of IT hardware while at 
the same time users have access to the aggregated hardware and benefit from significant processing 
power and large storage capacity. 
The environmental impact of a Grid infrastructure can be reduced by the application of virtualization 
technology that transforms the Grid into a scalable IT infrastructure with improved resource 
utilization. Grid-based resources can automatically be added to the Grid if the demand for resources 
rises, and be removed when the demand decreases (Vykoukal et al. 2009b), which leads to a 
minimization of under-utilized hardware components. This is especially important due to the fact that 
in typical data centers, resource utilization is only 20-30% on average (Bohrer et al. 2002). Due to this, 
the goal is to minimize the number of under-utilized or idle IT resources that still consume significant 
amounts of energy. Hence, Grid virtualization and minimized hardware use are a key strategy to 
reduce IT-related energy consumption. Additionally, simulation results provided by Beck et al. (2008) 
indicate that virtualization of Grid resources can significantly reduce the number of IT resources and 
thus produce a cost reduction of about 40% compared to dedicated servers. 
Another benefit of Grid technology is that it allows IT services providers to interconnect a large 
number of IT resources into a Grid and to offer these Grid-based IT resources to their customers over 
the Internet on a use-on-demand, pay-per-use basis. This concept of on-demand computing may also 
be called Cloud computing. Since most of the external services providers have already invested in 
Green IT initiatives they can offer Grid resources power and cooling efficient, leading to reduced 
carbon emissions. In addition, Grid providers increasingly adopt energy efficient servers, apply 
virtualization technology to maximize the utilization hardware, and build new data centers in locations 
with specific climates (e.g., Iceland or Siberia). By using cold outside air for cooling of the data 
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center, there is lesser need for power to operate mechanical chillers to produce cool air, thus reducing 
overall energy consumption. For example, Microsoft, that offers Grid resources on-demand to 
customers, has built a large data center in Ireland which is, due to the moderate climate in Ireland, air 
cooled and therefore 50% more energy efficient than other comparably sized data centers (Kurp 2008).  
3 RESEARCH MODEL AND HYPOTHESES 
In order to empirically validate the environmental impact of Grid technology, the research model 
shown in Figure 1 was developed. The model analyzes the relationship between the pressure for 
environmental sustainability in industry and the motivation of enterprises to use Grid technology to 
respond to this pressure. In addition, the research model analyzes the role of top management support 
(Liang et al. 2007, Young & Jordan 2008) in the assimilation of Grid technology as a means to reduce 
IT-related power consumption. The constructs, their relationships, and the resulting hypotheses are 
discussed in the following subsections. 
 
Figure 1:  Research model 
3.1 Pressure for Environmental Sustainability 
During the recent years, especially IT-intensive industries, (e.g., financial services, manufacturing, and 
retail industry) have identified environmental sustainability as a way to handle environmental issues of 
IT, which was not always the case. Huang (2009) states that one possible reason for the former lack of 
environmental concerns in industry is that IT has been too progressive and too successful for 
enterprises to worry about being efficient. However, today the efforts on Green IT initiatives in 
industry are increasing and environmental sustainability is becoming a critical topic for IS research 
(Elliot 2007). The growing literature in this research field suggests mainly three types of pressure for 
environmental sustainability in the industry domain: (1) economic pressure, (2) political and 
governmental pressure, and (3) social pressure: Economic pressure mainly comes from the rising 
energy costs, leading to the need for enterprises to reduce power consumption of IT hardware. 
Lowering energy costs is often associated with the aim to achieve competitive advantage (Hendry & 
Vesilind 2005, Porter & van der Linde 1999, Ryan 2008). Political and governmental pressure for 
Green IT mainly stems from various forms of environmental standards and regulations imposed by 
governments around the world (Chen 2001, Chen et. al. 2009, Clemens & Douglas 2006, Hendry & 
Vesilind 2005, Kurp 2008, Rugman & Verbeke 1998). Social pressure is exerted by the increasing 
customer demand for Green IT solutions (Chen 2001, Molla et al. 2009) and the increased positive 
public perception of Green IT initiatives (Daly & Butler 2009, Unhelkar & Dickens 2008). Due to 
these pressures for environmental sustainability and since Grid technology is likely to have the 
potential to reduce energy consumption of IT, it is proposed:  
Hypothesis 1:  Pressure for environmental sustainability has a positive effect on an enterprise’s 
intention to implement Grid technology as an instance of Green IT. 
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3.2 Top Management Support 
Top management support of IT refers to the degree to which top management regards the IT function 
and the extent to which it is involved in IT activities as important (Ragu-Nathan et al. 2004). Previous 
studies illustrated that top management support has a significant impact on IT assimilation (e.g., 
Chatterjee et al. 2002, Rai et al. 2009), which means that if top management understands the benefits 
and the function of a specific technology, the chances of a successful IT assimilation are higher. In 
regard to Grid technology, top management can legitimize Grid assimilation by demonstrating their 
commitment and political support through participation in deployment initiatives. Since Grid 
technology is hypothesized to be an effective implementation of a Green IT infrastructure, top 
management is expected to know about these benefits and characteristics with regard to environmental 
sustainability. Hence, it is proposed that top management support plays a critical role in promoting the 
assimilation of Grid technology for the purpose of reducing IT-related power consumption: 
Hypothesis 2:  Top management support has a positive effect on the enterprise’s intention to 
implement Grid technology as an instance of Green IT. 
3.3 Grid Assimilation as Green IT Strategy 
To the best of our knowledge, the environmental impact of Grid technology has never been 
empirically analyzed. Due to this, the dependent variable of the research model incorporates the 
suggested potential of Grid technology to reduce IT-related power consumption, which can be 
interpreted as a Green IT strategy. The environmental benefits of Grid technology are especially 
provided by (1) the application of virtualization technology to the Grid and (2) the purchase of IT 
resources from external Grid resource providers. As already outlined, Grid virtualization technology is 
able to automatically handle fluctuating workloads and peak demands by adding resources to the Grid 
infrastructure or by removing them from the Grid. This self-reconfiguration capability of a virtualized 
Grid infrastructure leads to a reduction of redundant hardware components and hence maximizes 
hardware utilization and minimizes energy consumption (Pernici et al. 2008). Furthermore, 
computational workloads can be delegated to more energy efficient resources such that less energy 
efficient resources can be powered down (Patel et al. 2003). Additionally, since third-party Grid 
resource providers (also called Cloud computing providers) increasingly expand their network of 
massive data centers with hundreds of thousands of servers, petabytes of data, and hundreds of 
megawatts of power, they tend to be more conscious concerning power consumption than enterprises 
that utilize less IT resources. Due to the exploitation of economies of scale in provisioning, powering, 
cooling, and recycling of IT equipment, Grid services providers are able to invest in energy efficient 
practices and technologies, leading to reduced power consumption compared to traditional data centers 
(Kurp 2008). This leads to the suggestion that Grid technology is an effective way to implement the 
concepts of a Green IT infrastructure with reduced power consumption, thereby enhancing 
environmental sustainability. 
4 EMPIRICAL STUDY 
The following subsections provide details about the research methodology, the measures used for the 
empirical field study, and about the data collection and sample profile. 
4.1 Research Methodology 
The research model depicted in the previous section was operationalized as a structural equation 
model and analyzed using the Partial Least Squares (PLS) approach, which is a suitable method for 
exploratory research, especially during the early stage of theory development (Chin 1998). Moreover, 
PLS is more flexible in terms of the indicators used to measure a latent construct since they can be 
specified as either formative or reflective (Chin et al. 2003). 
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4.2 Measures 
Reflective measures were used for all constructs except for both control variables “firm size” and 
“earliness of Grid adoption” for which formative measures were used. As depicted in Table 1, each 
construct of the research model is represented by a set of indicators (measurement items). Whenever 
possible, existing measures from prior empirical studies were adopted as was the case for the construct 
TMS whose measurement items were informed by existing measures in the literature and adapted to 
our context. The measurement items of the constructs PRESSURE and GRID were drawn from the 
extant literature on Green IT and Grid technology and adapted to the empirical setting. To ensure 
content validity of the measures, several expert interviews were conducted and the survey instrument 
was provided to a panel of judges of both practitioners and academics to refine the wording of the 
indicators. All items were measured on a fully anchored 7-point Likert scale, ranging from “strongly 
agree” to “strongly disagree”.  
Pressure for Environmental Sustainability (PRESSURE)    
PRESSURE_1 Rising energy costs force our IT departments to reduce IT-
related power consumption 
based on  
Porter & van der Linde (1999) 
PRESSURE_2 Political pressure and governmental regulation force our IT 
departments to reduce IT-related power consumption 
based on  
Chen et al. (2009) 
PRESSURE_3 
Social pressure and positive public perception of Green IT 
initiatives force our IT departments to reduce IT-related 
power consumption 
based on  
Chen (2001) 
Top Management Support (TMS)   
TMS_1 Top management understands the importance of our Grid 
infrastructures  
adapted from   
Ragu-Nathan et al. (2004) 
TMS_2 Top management supports our Grid development projects 
TMS_3 Top management understands the benefits of our Grid 
infrastructures 
Grid Assimilation as Green IT Strategy (GRID) 
GRID_1 With a virtualized Grid environment, IT-related power 
consumption of my firm could significantly be reduced 
based on  
Pernici et al. (2008) 
GRID_2 
By on-demand purchasing IT resources from external 
Cloud computing providers, IT-related power consumption 
of my firm could significantly be reduced 
based on  
Kurp (2008) 
Table 1:  Set of measurement items 
4.3 Data Collection and Sample Profile 
In order to validate the research model presented in Figure 1 and the associated hypotheses proposed 
above, a questionnaire-based, large-scale field study was conducted. The study aimed at IT decision 
makers that work for a financial institution in the U.S. or Canada with more than 1000 employees. 
Moreover, the financial institution had to be a Grid adopter in order to ask the study participants for 
their experience with Grid technology. The decision to conduct the field study in the financial services 
industry was driven by the fact that this industry is one of the most promising application domains of 
Grid technology because of its information-driven business processes and its high computational 
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demands (Schwind et al. 2007). In addition, the financial services industry is the largest user of IT 
among industry sectors, which is reflected in the fact that the annual IT spending in the financial 
services industry is twice as high as in other industries (Zhu et al. 2004). In essence, the Grid adoption 
rate is likely to be higher than in other industries. These facts make the financial services industry an 
appropriate testing field for the research model. From an empirical perspective, focussing on a single 
industry also allows to control for extraneous industry factors that could otherwise confound the 
analysis, thereby enhancing internal validity (Zhu et al. 2004).  
In August 2009, 2078 potential participants of an IT business panel in the U.S. and Canada were 
invited by a large international market research company (on behalf of the authors) to respond to the 
survey by filling out the questionnaire administered online. After one week, an email reminder was 
sent out to non-respondents. The date of invitation, the date of participation, and the user ID were 
logged to ensure that each panellist only completed the online survey once. The potential participants 
met the requirements of the study (IT decision maker in a financial institution with more than 1000 
employees) and were asked to completely fill-out the questionnaire to avoid missing values that can 
cause bias due to systematic differences between observed and unobserved data. In total, 500 
responses were returned, indicating a response rate of 24.1%. Since the study aimed at Grid adopters 
the study participants were asked at the beginning of the questionnaire to indicate if they have already 
adopted Grid technology or not. In the latter case, the non-Grid adopters were directly excluded from 
taking part in the survey. 214 responses from non-Grid adopters and 69 responses that exhibited 
missing values were removed, leading to a final sample of 217 valid responses (207 in the U.S., 10 in 
Canada). The key characteristics of the sample are shown in Table 3 in the Appendix. 
5 DATA ANALYSIS AND RESULTS 
This section presents the results of the PLS analysis. For the data analysis depicted in Figure 2, the 
software implementation SmartPLS (Version 2.0 M3) was used. In the following subsections, the 
results of the PLS analysis are discussed in detail. 
 
Figure 2:  Measurement and structural model with results; ** p < 0.01, * p < 0.05 (two-tailed) 
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5.1 Validation of the Measurement Model 
Since the research model contains only reflective measures (except for both control variables), the 
validity of the constructs was assessed in terms of (1) convergent validity and (2) discriminant validity 
(Campbell & Fiske 1959).  
Convergent validity examines the magnitude of correlation between measurement items of a construct 
(Gefen 2003) and is analyzed by indicator reliability and construct reliability. Indicator reliability is a 
measure for the degree to which the variance of an item can be explained by the underlying construct 
and can be assessed by the indicator loadings. As depicted in Figure 2, all loadings of the constructs 
are significant at the 0.01 level and above the recommended threshold of 0.707 (Chin 1998), indicating 
that there exists more shared variance between the construct and its indicators than error variance 
(Hair et al. 1998). Construct reliability measures the degree to which items are free from random error 
and therefore yield consistent results. Construct reliability was assessed by using the average variance 
extracted (AVE), the composite reliability (CR), and the Cronbach’s alpha. As indicated in Table 2, 
the AVE of each construct is above the threshold of 0.5 (Fornell & Larcker 1981) and the CR of each 
construct is above the recommended threshold of 0.7 (Hair et al. 1998). Additionally, all Cronbach’s 
alpha values are above the critical value of 0.7 (Nunnally 1978). 
Discriminant validity measures the degree to which the specified constructs differ even though they 
are correlated (Hair et al. 1998). Discriminant validity was assessed by analyzing the cross-loadings 
shown in Table 4 in the Appendix. The results reveal that each item loading is much higher on its 
assigned construct than on the other constructs. In order to further assess validity of the measurement 
items, the correlations between the constructs were analyzed. According to Fornell and Larcker 
(1981), the square root of AVE for each construct should be greater than the levels of correlations 
involving the construct. The results in Table 2 confirm the discriminant validity of the instruments.  
Hence, all constructs showed convergent validity and discriminant validity and were used to test the 
structural model and hypotheses.  
 Mean SD AVE CR Alpha PRESSURE TMS GRID 
PRESSURE 4.76 1.542 0.757 0.903 0.840 0.950   
TMS 5.16 1.447 0.897 0.963 0.943 0.182* 0.947  
GRID 5.04 1.255 0.775 0.873 0.725 0.480* 0.343* 0.880 
Table 2:  Means, standard deviations, average variances extracted (AVE), composite 
reliabilities (CR), Cronbach’s alphas, and correlations between constructs;  
 diagonal elements represent the square root of AVE,* p < 0.05 (two-tailed).    
5.2 Validation of the Structural Model 
After validating the measurement model, the hypothesized relationships between the constructs were 
tested by estimating the path coefficients and the R² value. Path coefficients indicate the strengths of 
the relationships between the independent and dependent variables, whereas the R² value is a measure 
of the predictive power of a model for the dependent variables (Chin 1998). As can be seen in Figure 
2, both path coefficients are above the threshold of 0.2 (Chin et al. 2003) at a significance level of 0.01 
(two-tailed). Therefore, both hypotheses H1 and H2 are supported by the survey data. The explanatory 
power of the structural model is measured by the squared multiple correlations (R2) of the dependent 
variable. The R2 value of 0.311 indicates that the model explains a moderate amount of variance for 
the dependent variable GRID.  
In order to account for differences among the financial institutions, the two control variables “firm 
size” (Zhu et al. 2006) and “earliness of Grid adoption” (Fichman 2001), measured as the number 
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years since first Grid adoption, were utilized. Rogers (1995) suggests that firm size may be positively 
related to innovation adoption since large firms are more likely to exhibit slack resources but may be 
slowed down by structural inertia. The second control variable captures the fact that firms that initiated 
Grid implementation activities earlier will have had more time to reach later stages of assimilation, 
leading to different magnitudes of IT-related energy consumption reduction. Therefore, it is likely that 
this measure involves some degree of commingling of behaviours across different assimilation stages 
(Fichman 2001). However, the analysis reveals that both control variables are not significantly related 
to the decision of enterprises to adopt Grid technology as Green IT strategy (p>.075 for “earliness of 
Grid adoption” and p>.10 for “firm size”, two-tailed). 
The extant literature suggests that top management serves as main human agency for absorbing and 
conversing different kinds of external pressures arising from the environment to operational course of 
action (Teo et al. 2003). Therefore, top management support is often shown to fully mediate the 
relationship between external pressures and technology assimilation (e.g., Liang et al. 2007). In our 
research model, full mediation by top management support is not likely due to the significant path 
between PRESSURE and GRID. However, we tested for partial mediation by performing the Sobel 
test (Baron & Kenny 1986, Sobel 1982) that revealed that top management support only partially 
mediates the relationship between pressure for PRESSURE and GRID. 
5.3 Common Method Bias Analysis 
As with all self-reported data, there is a potential for common method biases resulting from multiple 
sources such as consistency motif and social desirability (Podsakoff et al. 2003). To address this issue, 
common method bias was assessed by using the statistical approach described by Podsakoff et al. 
(2003), Liang et al. (2007), and Williams et al. (2003). In doing so, a common method construct 
whose indicators included all the indicators used in the empirical research model was included in the 
PLS model. Then, the variances explained by the common method construct relative to that explained 
by the substantive constructs were assessed. The average explained variance by the substantive 
constructs is 0.825 while the average variance explained by the common method construct is 0.014. 
Given the low and in most cases insignificant method variance values, it can be concluded that 
common method bias did not impact the results. 
6 DISCUSSION 
To the best of our knowledge, there is no empirical analysis of environmental impact of Grid 
technology in prior literature, wherefore this research is the first quantitative study on this topic and 
thereby contributes to both theory and practice. The results are very encouraging since the data 
analysis reveals that the proposed hypotheses are supported. The R2 value of the dependent variable is 
satisfactorily high, indicating a high degree of explanatory power of its predecessors. 
The survey data suggests that both pressure for environmental sustainability and top management 
support positively impact Grid assimilation of enterprises for the purpose of reducing energy 
consumption. In detail, the analysis results lead to the conclusion that economic and social pressure as 
well as political and governmental pressure for environmental sustainability positively affect Grid 
assimilation of enterprises as a means to decrease the environmental impact of IT usage. This is 
reasonable due to the fact that the rising energy costs and the increasing positive public perception for 
Green IT initiatives force enterprises to implement environmentally sound IT infrastructures. 
Moreover, the survey data suggests that government regulations that attempt to minimize 
environmental impact of IT equipment exerts pressure on enterprises to adopt Green IT practices. 
Since Grid technology supports enterprises in developing Green infrastructures relatively fast, it is 
likely that pressure for environmental sustainability drives Grid assimilation. In addition, the study 
results indicate that top management support further drives the assimilation of Grid technology in 
industry. Assuming that top management is aware of the (ecological and economic) benefits of Grid 
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technology, they legitimize Grid assimilation by demonstrating their commitment and political support 
through participation in deployment initiatives. 
Regarding the newly developed construct GRID, the results of the analysis support the hypothesis that 
Grid technology is capable of reducing energy consumption of IT hardware components, which is 
supported by both highly significant measurement items that exhibit high factor loadings. In detail, the 
results empirically ground the hypothesis drawn from the mainly technical literature on Grid 
technology that Grid virtualization is an effective means to reduce IT-related energy consumption. The 
results also support the hypothesis that the purchase of Grid-based IT services (e.g., Cloud computing) 
leads to reduction of energy consumption in enterprises which can be explained by the fact that 
enterprises do not need to buy and run their own IT hardware components. External Grid resource 
providers are expected to invest in more energy efficient practices and technologies due to their 
exploitation of economies of scale in provisioning, powering, cooling, and recycling of IT equipment, 
leading to reduced environmental impact. 
Since the factor loadings of all three indicators of the construct TMS are very high and highly 
significant, it can be concluded that the items are suitable to measure the extent of top management 
support for Grid assimilation in enterprises. This is intuitive since the measures for TMS were drawn 
from the well established literature on the role of top management support in the context of IT 
assimilation. 
As a result, the hypothesis that Grid technology is perceived as a suitable instrument to reduce IT-
related power consumption is supported by the study results. Therefore, Grid technology seems to be 
an effective and efficient implementation of Green IT concepts in order to leverage the inherent 
ecological benefits.  
7 CONCLUSION AND FURTHER RESEARCH 
Prior literature mainly emphasized on the benefits of Grid technology with regard to increased 
computing and storage capacity, although the results of the study show that there are also benefits of 
Grid technology towards environmental sustainability. Therefore, the reduced environmental impact of 
Grid technology in contrast to non-Grid IT environments should be promoted as another central 
benefit in the extant literature and definitions on Grid computing.  
The results of the empirical field study provide a valuable contribution to both theory and practice. 
Since little empirical research has been conducted on Green IT so far, this article is a first approach to 
empirically analyze the relationship between Green IT and Grid technology. The main theoretical 
contribution of the article is the development and validation of the two newly developed constructs 
that measure the pressure for environmental sustainability and the capability of Grid technology to 
reduce IT-related energy consumption, as well as their relationship to each other. These findings 
provide the basis for future research to further investigate the environmental impact of Grid 
technology or IT in general. Besides the theoretical contribution, the results are of interest for 
enterprises that are planning to reduce power consumption of their IT systems while not cutting back 
on compute and storage capacity for their departments. Grid technology has shown to be suitable for 
the implementation of Green IT concepts leading to increased competitiveness of the assimilating 
enterprise.  
Since the study was conducted in the financial services industry in North America, the results are only 
indicative for other industries and countries. To allow for a cross-regional comparison of the empirical 
results, a quantitative field study will be conducted in the financial services industry in Europe as well. 
In addition, to refine the current research model, further research will be performed to incorporate 
additional predecessors of Green technology assimilation in the model and to identify mediating or 
moderating factors. Moreover, on the dependent variable side, alternative Green technologies (beyond 
Grid technology) available to decision makers will be considered to improve generalizability of the 
model and findings, finally leading to a more holistic research model. 
Page 10 of 1318th European Conference on Information Systems
References 
Baron, R.M. and Kenny, D.A. (1986). The Moderator-Mediator Variable Distinction in Social 
Psychological Research: Conceptual, Strategic, and Statistical Considerations. Journal of 
Personality and Social Psychology, 51(6), 1173-1182. 
Beck, R., Schwind, M., and Hinz, O. (2008). Grid Economics in Departmentalized Enterprises. 
Journal of Grid Computing, 6(3), 277-290. 
Biros, D., Sikolia, D., and Hass, M. (2008). The Perceived Dichotomy between Current Green IT 
Initiatives and Information Security. Cutter IT Journal, 21(2), 26-31. 
Bohrer, P., Elnozahy, E.N., Keller, T., Kistler, M., Lefurgy, C., McDowell, C., and Rajamony, R. 
(2002). The Case for Power Management in Web Servers. Graybill, R. and Melhem, R. (Eds.). 
Power Aware Computing, Kluwer Academic Publishers, Norwell, USA, 261-289. 
Campbell, D.T. and Fiske, D.W. (1959). Convergent and Discriminant Validation by the Multitrait-
Multimethod Matrix. Psychological Bulletin, 56(2), 81-105. 
Chatterjee, D., Grewal, R., and Sambamurthy, V. (2002). Shaping Up for E-Commerce: Institutional 
Enablers of the Organizational Assimilation of Web Technologies. MIS Quarterly, 26(2), 65-89. 
Chen, C. (2001). Design for the Environment: A Quality-based Model for Green Product 
Development. Management Science, 47(2), 250-263. 
Chen, A.J., Watson, R.T., Boudreau, M.-C., Karahanna, E. (2009). Organizational Adoption of Green 
IS & IT: An Institutional Perspective. Proceedings of the 30th International Conference on 
Information Systems (ICIS’2009), Phoenix, USA. 
Chin, W.W. (1998). The Partial Least Square Approach to Structural Equation Modeling. 
Marcoulides, G.A. (Ed.). Modern Methods for Business Research, Lawrence Erlbaum Associates, 
Mahwah, NJ, USA, 295-336. 
Chin, W.W., Marcolin B.L., Newsted. P.R. (2003). A Partial Least Squares Latent Variable Modeling 
Approach for Measuring Interaction Effects: Results from a Monte Carlo Simulation Study and an 
Electronic-Mail Emotion/Adoption Study. Information Systems Research, 14(2), 189-217. 
Clemens, B. and Douglas, T.J. (2006). Does Coercion Drive Firms to Adopt ‘Voluntary’ Green 
Initiatives? Relationships among Coercion, Superior Firm Resources, and Voluntary Green 
Initiatives. Journal of Business Research, 59(4), 483-491. 
Daly, M. and Butler, T. (2009). Environmental Responsibility and Green IT: An Institutional 
Perspective. Proceedings of the European Conference on Information Systems (ECIS’2009), 
Verona, Italy. 
Elliot, S. (2007). Environmentally Sustainable ICT: A Critical Topic for IS Research. Proceedings of 
the Pacific Conference on Information Systems (PACIS’2007), Auckland, New Zealand. 
Fichman, R.G. (2001). The Role of Aggregation in the Measurement of IT-related Organizational 
Innovation. MIS Quarterly, 25(4), 427-455. 
Fornell, C.R., and Larcker, D.F. (1981). Evaluating Structural Equation Models with Unobservable 
Variables and Measurement Error: Algebra and Statistics. Journal of Marketing Research, 18(1), 
39-50. 
Foster, I. and Kesselman, C. (1999). The Grid: Blueprint for a New Computing Infrastructure. Morgan 
Kaufmann, San Francisco, USA. 
Gartner (2008). Gartner Identifies the Top 10 Strategic Technologies for 2009. 
http://www.gartner.com/it/page.jsp?id=777212 (last accessed: 2009-09-01). 
Gefen, D. (2003). Assessing Unidimensionality through LISREL: An Explanation and Example. 
Communications of the Association for Information Systems, 12(2), 23-47. 
Hair, J.F., Anderson, R.E., Tatham, R.L., and Black, W.C. (1998). Multivariate Data Analysis. 5th 
Edition, Pearson Prentice-Hall, Upper Saddle River, NJ, USA.  
Hendry, J.R. and Vesilind, P.A. (2005). Ethical Motivations for Green Business and Engineering. 
Clean Technologies and Environmental Policy, 7(4), 252-258. 
Huang, A.H. (2009). A Model for Environmentally Sustainable Information Systems Development. 
Journal of Computer Information Systems, 49(4), 114-121. 
Page 11 of 13 18th European Conference on Information Systems
IDC (2008). IDC Predictions 2009: An Economic Pressure Cooker Will Accelerate the IT Industry 
Transformation. http://www.idc.com/getdoc.jsp?containerId=215519 (last accessed: 2009-09-01). 
Joseph, E., Snell, A., and Willard, C. (2004). Council on Competitiveness Study of U.S. Industrial 
HPC Users. Technical Report, IDC, July 2004. 
Kurp, P. (2008). Green Computing. Communications of the ACM, 51(10), 11-13. 
Liang, H., Saraf, N., Hu, Q., and Xue, Y. (2007). Assimilation of Enterprise Systems: The Effect of 
Institutional Pressures and the Mediating Role Of Top Management. MIS Quarterly, 31(1), 59-87. 
Molla, A., Cooper, V.A., Pittayachawan, S. (2009). IT and Eco-sustainability: Developing and 
Validating a Green IT Readiness Model. Proceedings of the 30th International Conference on 
Information Systems (ICIS’2009), Phoenix, USA. 
Murugesan, S. (2007). Going Green with IT: Your Responsibility toward Environmental 
Sustainability. Cutter Business-IT Strategies Executive Report, 10(8), 1-25. 
Murugesan, S. (2008). Harnessing Green IT: Principles and Practices. IT Professional, 10(1), 24-33. 
Nunnally, J.C. (1978). Psychometric Theory. 2nd Edition, McGraw-Hill, New York, USA. 
O’Connor, C. (2008). Greening the Data Center. http://news.zdnet.com/2100-9595_22-249940.html 
(last accessed: 2009-09-01). 
Olson, E.G. (2008). Creating an Enterprise-Level ‘Green’ Strategy. Journal of Business Strategy, 
29(2), 22-30. 
Patel, C., Sharma, R., Bash, C., and Graupner, S. (2003). Energy Aware Grid: Global Workload 
Placement based on Energy Efficiency. Proceedings of the International Mechanical Engineering 
Congress and Exposition, Washington, DC, USA. 
Pernici, B., Ardagna, D., and Cappiello C. (2008). Business Process Design: Towards Service-Based 
Green Information Systems. Proceedings of the IFIP 20th World Computer Congress, Milan, Italy,  
Porter, M.E. and van der Linde, C. (1999). Green and Competitive: Ending the Stalemate. Harvard 
Business Review, 73(5), 120-134. 
Ragu-Nathan, B.S., Apigian, C.H., Ragu-Nathan, T., and Tu, Q. (2004). A Path Analytic Study of the 
Effect of Top Management Support for Information Systems Performance. Omega, 32(6), 459-471. 
Rai, A., Brown, P., and Tang, X. (2009). Organizational Assimilation of Electronic Procurement 
Innovations. Journal of Management Information Systems, 26(1), 257-296. 
Rogers, E. M. (1995). Diffusion of Innovations, 4th Edition. The Free Press, New York, NY. 
Rugman, A.M. and Verbeke, A. (1998). Corporate Strategies and Environmental Regulations: An 
Organizing Framework. Strategic Management Journal, 19(4), 363-375. 
Ryan, E.J. (2008). Building Sustainable IT. Cutter IT Journal, 21(2), 6-12. 
Scaramella, J. and Healey, M. (2007). Service-Based Approaches to Improving Data Center Thermal 
and Power Efficiencies. IDC White Paper, May 2007. 
Schwind, M., Hinz, O., and Beck, R. (2007). A Cost-based Multi-Resource Auction for Service-
oriented Grid Computing. Proceedings of the 8th IEEE/ACM International Conference on Grid 
Computing (Grid’2007), Austin, Texas, USA, 2007. 
Sobel, M.E. (1982). Asymptotic Intervals for Indirect Effects in Structural Equations Models. 
Leinhart, S. (Ed.). Sociological Methodology, Jossey-Bass. San Francisco, USA, 290-312. 
Strong, Paul (2005). Enterprise Grid Computing, ACM Queue, 3(6), 50-59. 
Teo, H.H., Wei, K.K., and Benbasat, I. (2003). Predicting Intention to Adopt Interorganizational 
Linkages: An Institutional Perspective. MIS Quarterly, 27(1), 19-49. 
Unhelkar B. and Dickens, A. (2008). Lessons in Implementing ‘Green’ Business Strategies with ICT. 
Cutter IT Journal, 21(2), 32-39. 
U.S. Environmental Protection Agency (2007). EPA Report on Server and Data Center Energy 
Efficiency. http://www.energystar.gov/index.cfm?c=prod_development.server_efficiency_study 
(last accessed: 2009-09-01). 
Vykoukal, J., Wolf, M., and Beck, R. (2009a). Does Green IT Matter? Analysis of the Relationship 
between Green IT and Grid Technology from a Resource-Based View Perspective. Proceedings of 
the 13th Pacific Asia Conference on Information Systems (PACIS’2009), Hyderabad, India. 
Page 12 of 1318th European Conference on Information Systems
Vykoukal, J., Wolf, M., and Beck, R. (2009b). Services Grids in Industry: On-Demand Provisioning 
and Allocation of Grid-based Business Services. Business & Information Systems Engineering, 
1(2), 177-184.  
Williams, L.J., Edwards, J.R., and Vandenberg, R.J. (2003). Recent Advances in Causal Modeling 
Methods for Organizational and Management Research. Journal of Management, 29(6), 903-936. 
Young, R. and Jordan, E. (2008). Top Management Support: Mantra or Necessity? International 
Journal of Project Management, 26(7), 713-725. 
Zhu, K., Kraemer, K.L., and Xu, S. (2006). The Process of Innovation Assimilation by Firms in 
Different Countries: A Technology Diffusion Perspective on E-Business. Management Science, 
52(10), 1557-1576. 
Zhu, K., Kraemer, K.L., Xu, S., and Dedrick, J. (2004). Information Technology Payoff in E-Business 
Environments: An International Perspective on Value Creation of E-Business in the Financial 
Services Industry. Journal of Management Information Systems, 21(1), 17-54. 
APPENDIX 




 207  (95.4%) 
   10    (4.6%) 
 
  1,001 –   5,000 
  5,001 – 10,000 
10,001 – 50,000 
50,000+ 
33  (15.2%) 
32  (14.7%) 
63  (29.0%) 
89  (41.0%) 
Respondent’s position:  
CTO | COO | CIO 
Chief Systems Architect 
Other IT decision maker 
   37  (17.1%) 
     9    (4.1%) 
 171  (78.8%) 
Table 3:  Sample characteristics (N = 217) 
 PRESSURE TMS GRID 
PRESSURE_1 0.846 0.183 0.429 
PRESSURE_2 0.867 0.175 0.363 
PRESSURE_3 0.896 0.121 0.451 
TMS_1 0.187 0.951 0.359 
TMS_2 0.162 0.954 0.319 
TMS_3 0.164 0.935 0.287 
GRID_1 0.477 0.403 0.936 
GRID_2 0.349 0.148 0.821 
Table 4:  Loadings and cross-loadings for measurement items; bold numbers indicate item 
loadings on the assigned constructs. 
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